Presence of human papillomavirus DNA sequences in cervical intraepithelial neoplasia
Introduction
Until recently infection of the uterine cervix by human papillomavirus was thought to be rare. Reviewing the published reports in 1952 Marsh described 23 cases of papillomatous disease of the cervix, of which only 10 were considered to be condylomata acuminata.' In 1954 Raftery and Payne suggested that condyloma of the cervix might not be so uncommon and they found histological evidence of condylomata acuminata in 19 of 587 biopsy specimens from the cervix uteri seen in their department in the years 1949-54. Although Oriel in 1971 described nine cases of exophytic cervical condylomata in 141 women presenting with genital warts,3 the condition was still thought to be relatively uncommon until two groups working independently in Canada and Finland described cytological changes in cervical smears suggestive of wart virus infection. 4 Meisels found evidence of wart virus infection in over 1,,, of smears from the routinely screened population and suggested that 70'", of cases previously diagnosed as mild dysplasia might in fact be reassigned to a wart virus infection category.6 Describing histological changes consistent with a diagnosis of wart virus infection, Reid found evidence of human papillomavirus infection in over 90",, of biopsy specimens from patients with cervical intraepithelial neoplasia and invasive cancer. 7 The apparent increase in the prevalence of cervical wart virus infection is explained by detection of a previously unrecognised "flat wart" lesion, not visible with the naked eye but seen with the increased magnification of colposcopy.1 On colposcopy, morphological changes other than exophytic condylomata acuminata have been described as evidence of human papil-lomavirus infection.8 9 Immunohistochemical techniques have been developed for identifying human papillomavirus antigen in cervical biopsy specimens,"' snd this antigen has been found in 20 1 of 139 biopsy specimens from patients presenting with abnormal smears. 9 In cervical warts, however, as in condylomata acuminata of the vulva there is reduced expression of viral antigen," 12 and human papillomavirus infection may be more common than this among patients with cervical epithelial abnormalities.
With the development of more sensitive techniques of detecting the presence of viral DNA, such as DNA-DNA hybridisation, detection of small amounts of viral genomes in human tissues is possible." 1' Human papillomavirus type 6 is the papillomavirus associated most commonly with vulvar and exophytic cervical condyloma,'6 and using plasmid cloned human papillomavirus type 6 DNA we have investigated how often this viral could be found in biopsy specimens from patients attending a colposcopy clinic with cervical epithelial abnormalities. From these results we assessed the accuracy of the techniques of colposcopy, cytology, and histology in determining the presence of human papillomavirus infection of the cervix.
Materials and methods

PATIENTS
The study group consisted of 22 women attending a district colposcopy clinic, 17 of whom were referred because of an abnormal cytology report. The other five patients had originally attended a clinic for sexually transmitted diseases suffering from vulval warts, but on colposcopy were seen to have a cervical epithelial abnormality. Of these five patients three also had an abnormal cytology report. The group was aged from 18 to 46 years with an average age of 26 years.
COLPOSCOPY AND CYTOILOGY
Each patient underwent a colposcopy examination at which a cervical smear was taken, fixed, and stained by the Papanicolaou method. Cellular changes (koilocytosis and dyskeratosis4) that were evidence of wart virus infection and suggestive of cervical intraepithelial neoplasia were sought.' At colposcopy the cervix was washed with 5", aqueous acetic acid and then examined for acetowhite epithelium within the transformation zone suggestive of a cervical intraepithelial neoplastic lesion, a wart virus lesion, or a mixed lesion. 9 HISTOLOGY AND IMMUNOHISTOCHEMISTRY Two colposcopically directed biopsy specimens were taken from adjacent areas within the same lesion. One of these specimens was fixed in formol sublimate, embedded in paraffin, and sectioned at three levels. Sections for routine histological study were Qtained with haematoxylin and eosin, and unstained sections used for immunohistochemical study. The second specimen was placed in a tube, snap frozen in liquid nitrogen, and total DNA extracted as described in a previous report.' 8 Histological evidence for wart virus infection was based chiefly on the presence of koilocytotically atypical cells in the upper third of the epithelium. Other changes suggestive of human papillomavirus infection were individual cell keratinisation, the presence of multinucleate cells, hyperkeratosis, and parakeratosis. Cervical intraepithelial neoplastic lesions were classified from grade 1 through to grade 3 (severe dysplasia and carcinoma in situ) by the level of disruption of polarity in the cervical epithelium.'-The unstained material was examined for human papillomavirus antigen by an indirect immunoalkaline phosphatase technique9 using a broadly cross reactive antiserum, raised by the immunisation of a rabbit with disrupted capsids from virions purified from a pool of plantar warts (donated by Professor K V Shah, Johns Hopkins University, USA).' The presence of papillomavirus antigen was detected by a deep red coloration within the nuclei of affected cells in the upper third of the abnormal epithelium.
DIGESTION OF DNA BY RESTRICTION ENZYMES AND AGAROSE GEL ELECTROPHORESIS
Samples of 10~sg of DNA were digested with various restriction enzymes under conditions recommended by the manufacturer (Amersham International, Amersham, Buckinghamshire). The reaction was stopped with edetic acid and DNA fragments precipitated at -70"C with 01 volume 5 mol/l ammonium acetate and 1 volume of isopropanol. Samples were redissolved in loading buffer (10 ml trometamol (TRIS) HCl (pH 7 5); 1 mmol/l edetic acid; 50",, sucrose and bromocresol green) and run on a horizontal 0 80o agarose gel in trometamol-acetate buffer (40 mmol/1 trometamol HCI (pH 7-5); 5 mmol/l sodium acetate; 1 mmol/l edetic acid) for 16-18 h at 1 volt/cm. After electrophoresis the DNA in the gel was denatured in 0-5 mol/l NaOH and I mol/l NaCl for 1 h and then neutralised in 1 mol/l trometamol, 3 mol/l NaCl for another hour. The DNA was then transferred from the gel to nitrocellulose filters by the Southern blot technique.2" DNA-DNA HYBRIDISATION After transfer the nitrocellulose filters were baked at 80'C under vacuum and then washed for at least two hours at 68°C in 6 times SSC (1 times SSC is 0-15 mol/1 sodium chloride and 0-015 mol/l sodium citrate), 0.20( ficoll, 0 2", polyvinylpyrrolidine, and 0 20o bovine serum albumin. The filters were then transferred to the hybridisation solution, which contained, in addition to the above solution, 400 ,ug/ml single stranded salmon sperm DNA, 010/0 sodium dodecyl sulphate (SDS), and the nick translated 32P-labelled papillomavirus type 6 DNA21; specific activity 1-3 x 108 cpm/yg DNA). The viral DNA used for nick translation (donated by Dr L Gissmann, University of Freiberg, West Germany) was recloned in the plasmid pAT 153 for these experiments. After 48 hours the filters were washed three times at room temperature, twice at 680C for one hour each and then three times at room temperature in 0-1 times SSC and 01°", SDS and then exposed to Fuji x ray film for 5-7 days.
Results Table I gives the diagnostic results of examination by cytology, colposcopy, and histology. In this group of 22 women, 14 had evidence of wart virus infection by cytology, 16 BRITISH MEDICAL JOURNAL VOLUME 287 17 SEPTEMBER 1983 found. Figure 1 gives examples of the histological findings and immunoalkaline staining of sections of the biopsy specimen from a patient, with fig 2 showing 
Discussion
Of the 22 women with cervical epithelial abnormalities attending a colposcopy clinic six were found to have human papillomavirus antigens and 13 papillomavirus type 6 DNA. Of the six showing viral antigen, five also had detectable amounts of viral DNA. The discrepancy in the one biopsy specimen in which viral antigen but no viral DNA was found may be due to the fact that separate specimens were taken from the same lesion and different areas may contain varying amounts of viral DNA and antigen; alternatively, small undetectable levels of viral DNA may have been present in that particular specimen, from which only a small amount of DNA was extracted.
In one patient (case 16) colposcopy showed a small early wart virus infection at the squamous-columnar boundary but cytological and histological examinations were unable to confirm this diagnosis, although viral DNA was detected. The biopsy specimen studied by histology consisted primarily of endocervical epithelium, and this would explain the negative findings.
When examination by colposcopy, cytology, and histology indicated a cervical intraepithelial neoplasm with wart virus infection (eight cases) then DNA was detected in seven, and when the variables were taken separately DNA was detected in around 60", of cases (table 2) . The results for the five patients referred from a clinic for sexually transmitted diseases did not distort the figures, as viral DNA was found in the biopsy specimens of nine of the 17 women referred from general practitioners and family planning clinics, a figure close to 590% in the group as a whole.
The viral DNA isolated from all cases except one (case 12) were undigested by the restriction enzyme Eco Rl but were cut once to produce a linear molecule by Hind III and Bam HI (not shown). Also, in one case digestion with the enzyme Hpa II produced at least six bands (not shown). The human papillomavirus type 6 radiolabelled probe used did not cross hydbridise at the stringent conditions of the experiments with human papillomavirus types la, 2, or 4 (plantar and common hand warts and gifts of Dr P M Howley, National Cancer Institute, USA). The results with these few enzymes suggest that most viral DNAs detected in this study are of a subtype of human papillomavirus type 6 different to the cloned type 6 used as probe.'6 One of us (DJ McC) has found this subtype most frequently in exophytic cervical and vulvar warts from patients in the London area.
Although in this study wart virus infection was associated with cervical intraepithelial neoplasia in all cases by at least one of the techniques used, papillomavirus type 6 DNA was detected in only 59% and viral antigen in 27%o of cases. Does this mean an overestimation of wart virus infection by other techniques in this study and by others," or is the method of detection not sensitive enough to pick up the presence of viral DNA in all cases? Certainly the biopsy specimens are small and total DNA extracted only allows a few tests to be carried out. Also, using two specimens, one for histology and immunohistochemistry and the other for DNA extraction, may lead to anomalous results because of the variable amounts of virus in each area. Even in exophytic cervical warts and vulvar warts there is a variable amount of viral antigen in the cells." ' 12 Another human papillomavirus type 11, has recently been found in laryngeal warts23 and in a small percentage of genital warts and in five cases of atypical condylomata of the cervix. 24 This virus, which has 25% homology with type 6 and should therefore not cross hybridise in the stringent conditions used in this study, may explain the cases of cervical intraepithelial neoplasia in which no human papillomavirus type 6 was found.
What does the prevalency of the viral DNA mean in terms of the aetiology of cervical intraepithelial neoplasia and progression from grade 1 to grade 3 and perhaps to microinvasive carcinoma? Papillomavirus type 6 DNA was found equally often in this study at all stages of cervical intraepithelial neoplasia (table III) 
ONE HUNDRED YEARS AGO
The manufacture and consumption of potted and minced meat have greatly increased during the last few years, and competition has become so keen, that the more unscrupulous manufacturers, in their anxiety to undersell, do not hesitate to employ meat which is of such an unsound condition, as to be quite unsaleable if presented to the public in any other form. Horse flesh, on account of its cheapness, is the favourite article with the sausage manufacturer, and large quantities are being used every week for the manufacture of German and breakfast sausages. In London, the trade is almost entirely carried on in the East-end, the horse-flesh being procured either from the country, or from unlicensed slaughterers. The inspector to the Poplar Board of Works, Mr Raymond, succeeded in obtaining two convictions against users of this substance; but although both were very bad cases, the magistrate contented himself with imposing a fine of C20. In the interests of the public we are, therefore, pleased to see that at Aston, near Birmingham, William Henry White was convicted and sentenced, on two distinct summonses, to six months' imprisonment, for having in his possession a quantity of unwholesome rinds of bacon and pork; 352 pieces of partially decomposed horse-flesh were also found on his premises, doubtless waiting to be converted either into sausages, or some cheap form of potted meat. The magistrates stated that this was the highest penalty which they could inflict. A few more sentences equally severe would go far towards putting down a most nefarious trade. It is contended by some that horseflesh is almost equal as a food to beef or mutton; but those who hold these views should remember that the source from which it is obtained for the manufacture of potted beef and sausages is such as to cause it to be viewed with great suspicion and distrust. Certainly the use as food of the produce of a knacker's yard, where beasts in all stages of disease and starvation are slaughtered, cannot be too strongly condemned, and it is possible that among our poorest population, much disease and sickness is caused by partaking of unsound meat, in a form where its objectionable characters are masked by the flavouring matters added during preparation, but in which, nevertheless, exist the germs of putrefaction, waiting only for a favourable soil to increase and multiply, and lay the foundation of disorders which seriously tax our medical resources. (British Medical Jotrnal 1883 ;i :265.)
